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Tropical Spiderwort (Commelina benghalensis) Control in
Glyphosate-Resistant Cotton?

A. STANLEY CULPEPPER, J. T. FLANDERS, ALAN C. YORK, and THEODORE M. WEBSTER?

Abstract: Tropical spiderwort has recently become the most troublesome weed in Georgia cotton.
Most of Georgia's cotton is glyphosate resistant (GR), and glyphosate is only marginally effective
on tropical spiderwort. An experiment was conducted at four locations to determine tropical spider-
wort control in GR cotton by 27 herbicide systems. Treatments consisted of three early-postemer-
gence over-the-top (POT) herbicide options and nine late—postemergence-directed (LPD) options
arranged factorially. Glyphosate POT controlled tropical spiderwort only 53% 21 d after treatment
(DAT). Glyphosate plus pyrithiobac or S-metolachlor controlled tropical spiderwort 60 and 80%,
respectively. Pyrithiobac improved control of emerged spiderwort, whereas S-metolachlor provided
residual control. Pooled over POT treatments, glyphosate LPD controlled tropical spiderwort 70%
21 DAT. Dimethipin mixed with glyphosate did not improve control. Carfentrazone, diuron, or flu-
mioxazin mixed with glyphosate LPD improved control 9 to 15%. MSMA and MSMA plus flu-
mioxazin were 8 and 19% more effective than glyphosate LPD. At time of cotton harvest, systems
without residual herbicides at LPD controlled tropical spiderwort 42 to 45% compared with 64 to
76% with LPD treatments that included diuron or flumioxazin.

Nomenclature: Carfentrazone; dimethipin; diuron; flumioxazin; glyphosate; MSMA; pyrithiobac; S-
metolachlor; tropical spiderwort, Commelina benghalensis L.; cotton, Gossypium hirsutum L. ‘DP

458 B/RR’, ‘FM 989 B/RR’, ‘ST 4793 BR'.

Additional index words: Invasive weed, noxious weed, weed shift.
Abbreviations. DAP, days after planting; DAT, days after treatment; GR, glyphosate resistant; LPD,
late postemergence directed; POT, postemergence over-the-top.

INTRODUCTION

Since commercia introduction in 1997, glyphosate-
resistant (GR) cotton has readily been accepted by grow-
ers across the southeastern United States. Greater than
89% of the cotton planted in Alabama, Florida, Georgia,
North Carolina, and South Carolinais GR (USDA-AMS
2002; USDA-ERS 2003). Reasons for the widespread
use of this technology have been reviewed by Culpepper
and York (1999). The technology has allowed growers
to reduce or eliminate soil-applied herbicides and to
abandon cultivation. It aso has allowed a shift to con-
servation tillage. At least one-third of the cotton in Geor-
gia and severa other southeastern states is produced us-
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ing either no-tillage or strip-tillage techniques (S. M.
Brown, personal communication). Herbicides are now
the primary, and often only, method used for weed con-
trol. Glyphosate is applied two to four times on most
fields, and it is often the only herbicide used.
Glyphosate is a highly effective and environmentally
benign herbicide that controls a broad spectrum of an-
nual and perennial grass and broadleaf weeds (Cul pepper
and York 1998; Franz et a. 1997; Wilcut et al. 1996).
However, there are some species that are often not ade-
quately controlled by glyphosate programs, and heavy
dependence on glyphosate, coupled with increased adop-
tion of reduced tillage practices, is resulting in changes
in weed species composition. Most notable and of great-
est concern for Georgia producers is tropical spiderwort.
Tropical spiderwort is among the world's worst weeds,
and it is considered a weed in 25 crops in 29 countries
(Holm et a. 1977). In 1983, the U.S. Department of
Agriculture designated tropical spiderwort as a federal
noxious weed (USDA-APHIS 2000). This weed was first
observed in the continental United States in 1928 and
was reported to be common through Florida by the mid-
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1930s (Faden 1993). In 1998, tropical spiderwort was
present in Georgia but not considered a serious pest in-
festing cotton (Webster and MacDonald 2001). However,
by 2001, it had quickly become very problematic and
was ranked as the ninth most troublesome weed (\Webster
2001). By 2002, tropical spiderwort was clearly the most
troublesome weed facing Georgia producers in several
southern counties (A. S. Culpepper, personal observa-
tion). A recent survey of county extension agents in
Georgia (Prostko et al. 2003) determined that tropical
spiderwort is present in 41 counties and is a moderate
or severe pest in 17 counties. Tropical spiderwort also
has recently been discovered in North Carolina (Krings
et a. 2002).

Tropical spiderwort is an exotic, invasive herbaceous
perennial of tropical climates, which grows as an annual
in temperate climates (Holm et al. 1977). Tropical spi-
derwort is a monocot and possesses the unique ability
to produce both aerial and subterranean flowers (Ma-
heshwari and Maheshwari 1955; Walker and Evenson
1985). Aerial flowers are chasmogamous (typical, open
flowers), lilac or blue, and capable of self-pollination.
Subterranean flowers develop on the rhizomes and are
cleistogamous (flowers are self-pollinated and do not
open). Walker and Evenson (1985) reported that sub-
terranean flower formation begins by 6 wk after plant
emergence, whereas aerial flowersform 8 to 10 wk after
emergence. In North Carolina, however, two-leaf seed-
lings of tropical spiderwort have been observed to have
subterranean flowers (M. G. Burton, personal commu-
nication). Plants are capable of producing up to 12,000
seeds/m? (Walker and Evenson 1985). In addition, bro-
ken vegetative cuttings of stems are capable of rooting
and reestablishing themselves after cultivation (Budd et
al. 1979).

Preliminary data show that optimum temperatures for
tropical spiderwort growth range from 30 to 35 C, in-
dicating that the southeastern United States could pro-
vide an adequate environment for rapid growth and re-
production of this species (Burton et al. 2003). This,
along with widespread planting of GR cotton and the
heavy dependence on glyphosate for weed management,
suggests that this problem is likely to increase across the
region. There have been no published studies evaluating
control of tropical spiderwort in agronomic crops in the
United States, or in cotton throughout the world. The
objective of our study was to evaluate response of trop-
ical spiderwort to weed management systemsin GR cot-
ton.
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MATERIALS AND METHODS

Studies were conducted in grower fields during 2001
and 2002 with naturalized populations of tropical spi-
derwort in Cairo, GA, and Pine Level, GA. Soils were
Tifton loamy sands (thermic Plinthic Kandiudults), with
organic matter ranging from 0.7 to 1.4% and pH ranging
from 5.2 to 6.2. Plots consisted of three 76-cm rows 7.5
m in length. In Cairo during 2001, glyphosate isopro-
pylamine salt® (840 g ae/ha) was applied 1 wk before
strip-tillage, whereas land at all other locations was con-
ventionally prepared by disking and then forming beds
with a ripper-bedder. Pendimethalin* (930 g ai/ha) was
applied preplant incorporated at the three conventionally
prepared locations and applied preemergence at the strip-
tillage location. GR ‘DP 458 B/RR’ cotton was planted
in 2001, whereas ‘FM 989 B/RR’ and ‘ST 4793 BR’
cotton were planted in Cairo and Pine Level, respective-
ly, in 2002. Cotton was planted between May 17 and 26
using a vacuum planter spacing seed 10 cm apart. No
cultivation was performed after planting. Other cultural
practices, including fertilization, insect management, and
plant growth management, were standard for Georgia
(Jost et a. 2003).

The experimental design was a randomized complete
block, with each block replicated four times. A split-plot
treatment arrangement was used, with the main plots be-
ing glyphosate® (840 g/ha) applied early-postemergence
over-the-top (POT) alone or mixed with pyrithiobac® (36
g ai/ha) or S-metolachlor® (1,100 g ai/ha). Subplots con-
sisted of the following nine late—postemergence-directed
(LPD) options: glyphosate® (840 g/ha) applied alone or
mixed with carfentrazone’ (18 g ai/ha), diuron® (700 g
ai/ha), dimethipin® (340 g ai/ha) plus a crop oil concen-
trate'© (0.9% v/v), or flumioxazin* (36 g ai/ha); MSMA??2
(2,240 g ai/ha) applied alone or mixed with diuron

3 Roundup UltraMax® herbicide, Monsanto Company, 800 North Lindbergh
Boulevard, St. Louis, MO 63167.

4 Prowl® 3.3 EC herbicide, BASF Corporation, 26 Davis Drive, Research
Triangle Park, NC 27709.

5 Staple® herbicide, E. I. du Pont de Nemours and Company, Walker's Mill,
Barley Mill Plaza, Wilmington, DE 19898.

6 Dua Magnum® herbicide, Syngenta Crop Protection, PO. Box 18300,
Greensboro, NC 27419.

7 Aim® herbicide, FMC Corporation, 1735 Market Street, Philadelphia, PA
19103.

8 Direx® herbicide, Griffin L.L.C., 2509 Rocky Ford Road, Valdosta, GA
31601.

9 Harvade® herbicide, Crompton Uniroyal Chemical, 199 Benson Road,
Middlebury, CT 06749.

10 Agridex®, a mixture of 83% paraffinic mineral oil and 17% polyoxy-
ethylene sorbitan fatty acid ester, Helena Chemical Co., 5100 Poplar Avenue,
Memphis, TN 8137.

1 Vaor® herbicide, Valent Crop Protection, 1333 North California Boule-
vard, Walnut Creek, CA 94596.

2 MSMA Plus H.C.® herbicide, Helena Chemical Company, 225 Schilling
Boulevard, Collierville, TN 38017.
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(1,120 g/ha) or flumioxazin (72 g/ha); and no LPD treat-
ment. A nontreated control was included for treatment
comparison.

Tropical spiderwort emergence began between the cot-
yledonary and two-leaf stage of cotton development at
each location, and densities ranged from 30 to 90 plants/
m? at time of the POT application. Populations at time
of the LPD application varied depending on POT treat-
ment; however, when nonresidual herbicides were ap-
plied POT, tropical spiderwort populations ranged from
200 to 300 plants/m? at time of LPD application. Trop-
ical spiderwort had one to five leaves and was 3 to 10
cm tall at time of each application. Cotton was 8 to 13
cm tall with four to five leaves at time of the POT ap-
plication and 40 to 56 cm tall with 10 to 13 leaves at
time of the LPD application. Treatments were applied
using a CO,-pressurized backpack sprayer equipped with
extended range flat-fan nozzles calibrated to deliver 140
L/haat 152 kPa. LPD applications were applied 8 to 12
cm up the cotton stem. Visual estimates of crop injury
were taken 5, 10, and 21 d after each application. Visual
estimates of tropical spiderwort control were taken 21 d
after each application and again at harvest (120 to 140
d after planting [DAP], hereafter referred to as 130
DAP). Visua estimates were based on a scale of 0 to
100, where 0 = no weed control or cotton injury and
100 = complete weed control or cotton death. The center
cotton row was harvested by hand to determine seed
cotton yield at both locations in 2002.

Data were subjected to ANOVA, and treatment sums
of squares were partitioned to reflect the split-plot treat-
ment design and year— ocation effects (Mclntosh 1983).
Year and location effects were not significant, and data
were pooled. Main plot by subplot treatment interactions
were not significant, and main effect means are reported
where significant (P = 0.05). Means were separated us-
ing Fisher's protected LSD at P = 0.05. Arcsine trans-
formation of data was not used because the transforma-
tion did not change data interpretation.

RESULTS AND DISCUSSION

Tropical Spiderwort Control. At 21 d after treatment
(DAT), glyphosate applied POT controlled tropical spi-
derwort only 53% (Table 1). Poor control 21 DAT with
glyphosate was attributed to both newly emerged plants
and presence of plants only suppressed by glyphosate.
Plants less than 6 cm in height were completely con-
trolled by glyphosate, but plants ranging from 6 to 10
cm in height were only suppressed. However, there was
little to no visible growth for 3 to 4 wk on larger plants
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Table 1. Tropical spiderwort control by herbicides applied topicaly to GR
cotton.2®

Treatments Control
Herbicides Application rates 21 DAT 130 DAP
g/ha %
Glyphosate 840 53¢ 49b
Glyphosate + pyrithiobac 840 + 36 60b 48b
Glyphosate + S-metolachlor 840 + 1,100 80a 69 a

a Abbreviations: GR, glyphosate resistant; DAT, days after treatment; DAP,
days after planting.

® Data pooled over subplot factors and four locations. Means separated us-
ing Fisher’s protected LSD at P = 0.05.

treated with glyphosate. Once regrowth began, tropical
spiderwort plants treated with glyphosate appeared to
grow more slowly than those not treated with glyphos-
ate. In addition to glyphosate only reducing growth of
the larger plants, tropical spiderwort continued to
emerge throughout the season.

Pyrithiobac added to glyphosate POT increased trop-
ical spiderwort control by only 7% 21 DAT (Table 1).
The increase in control compared with glyphosate alone
was because of better control or suppression of plants
emerged at time of application. It was noted that pyri-
thiobac offered little to no residua control of plants
emerging after application. S-Metolachlor mixed with
glyphosate increased control by 27%. S-Metolachlor did
not increase control of emerged tropical spiderwort but
provided residual control of seedlings emerging after ap-
plication. In another trial conducted at two Georgia lo-
cations, S-metolachlor applied before tropical spiderwort
emergence controlled the weed 99 and 85% at 25 and
55 DAT, respectively (A. S. Culpepper, unpublished
data). Rainfall or irrigation shortly after S-metolachlor
application is critical for good control, and at least 1.25
cm of rainfall was received at each location within 7 d
after S-metolachlor application in the present study. At
130 DAR tropical spiderwort control by glyphosate plus
S-metolachlor applied POT was still 20% greater than
control by glyphosate alone (Table 1). Pyrithiobac mixed
with glyphosate had no effect on tropical spiderwort
control 130 DAPR

Pooled over POT treatments, glyphosate applied LPD
controlled tropical spiderwort 70% at 21 DAT (Table 2).
Dimethipin mixed with glyphosate did not improve con-
trol. However, carfentrazone, diuron, or flumioxazin
mixed with glyphosate increased control by 9 to 15%.
MSMA applied LPD controlled tropical spiderwort 78%
compared with 70% control by glyphosate. Diuron
mixed with MSMA did not improve control. However,
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Table 2. Tropical spiderwort control by herbicides directed to GR cotton.2b

Treatments Control
Herbicides Application rates 21 DAT 130 DAP
g/ha %
Glyphosate 840 70e 44 c
Glyphosate + carfentrazone 840 + 18 80 bed 42c
Glyphosate + flumioxazin 840 + 36 85ab 64b
Glyphosate + dimethipinc 840 + 340 75 de 43c
Glyphosate + diuron 840 + 700 79 bed 57b
MSMA 840 + 2,240 78 cd 45c¢
MSMA + diuron 840 + 1,120 83 abc 64 b
MSMA + flumioxazin 840 + 72 89a 76 a
None — 27 f 17d

a Abbreviations: GR, glyphosate resistant; DAT, days after treatment; DAR,
days after planting.

® Data pooled over main plot factors and four locations. Means separated
using Fisher’s protected LSD at P = 0.05.

¢ Crop oil concentrate (0.9% v/v) was included.

flumioxazin mixed with MSMA improved control by
11%.

Because of season-long emergence of tropical spider-
wort, control by LPD treatments was less than desired
by 130 DAR or at cotton harvest. Pooled over POT treat-
ments, MSMA and glyphosate alone or glyphosate
mixed with carfentrazone or dimethipin controlled trop-
ical spiderwort only 42 to 45% (Table 2). Although these
herbicides applied LPD initialy controlled emerged
tropical spiderwort 70% or greater, they did not provide
residual control. With season-long emergence, residual
herbicide activity appears to be the most important com-
ponent of a tropical spiderwort management system in
cotton. Benefits from residua control by flumioxazin or
diuron mixed with glyphosate or MSMA were evident,
where late-season control was increased by 13 to 31%.
The most effective treatment applied LPD was MSMA
plus flumioxazin. Although postemergence control of
tropical spiderwort at 21 DAT was similar with gly-
phosate plus 36 g/ha of flumioxazin and MSMA plus 72
o/ha of flumioxazin, greater late-season control was not-
ed with MSMA plus flumioxazin at 72 g/ha because flu-
mioxazin at the higher rate provided greater residual
control.

Cotton Response. Glyphosate did not visualy injure GR
cotton (data not shown). Pyrithiobac mixed with gly-
phosate injured cotton 12% at 5 DAT. The injury was
expressed as chlorosis. Minor injury from pyrithiobac
applied topically to cotton has been previously observed
(Jennings et a. 1999). Cotton was injured 5% when
trested with S-metolachlor plus glyphosate. Injury was
expressed as necrotic speckling on leaves contacted by
the spray solution. Cotton leaves developing after S-me-
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tolachlor plus glyphosate application were not affected.
Similar results have been observed with this mixture in
North Carolina (York and Culpepper 2002). No cotton
injury was detected by 21 DAT regardiess of treatment.
LPD treatments were applied to cotton stems that had
developed bark. Injury from LPD applications caused
less than 6% stem necrosis at 5 DAT. By 10 DAT, no
visual cotton injury was detected.

Cotton Yield. The nontreated control plots did not pro-
duce cotton at either location in 2002. Seed cotton yields
from all herbicide systems were similar and averaged
1,680 and 1,320 kg/ha at Cairo and Pine Level, respec-
tively (data not shown). The lack of difference in cotton
yield among the herbicide systems may reflect the im-
pact each system had in reducing the competitiveness of
tropical spiderwort. At each location, cotton emerged 10
to 17 d before tropical spiderwort emergence. At the
four- to five-leaf stage, cotton in each herbicide system
received glyphosate or a glyphosate mixture, which con-
trolled tropical spiderwort at least 50% and suppressed
growth of plants that were not killed. This most likely
limited the early-season weed competition. No data are
available to suggest how competitive this weed is with
cotton. One factor that was not accounted for in this
study, because of hand-harvesting, was the effect of trop-
ical spiderwort present at harvest on cotton lint quality.
Mechanical harvesting of cotton with high densities of
tropical spiderwort could have a negative impact on lint
quality and could slow the harvesting operation.

Results from this experiment confirm grower obser-
vations of inadequate tropical spiderwort control when
depending heavily on glyphosate and help explain the
rapid buildup of this weed in GR cotton fields. In ad-
dition, the results demonstrated the need for management
programs that include herbicides with residua activity.
Of the programs evaluated, the best late-season control
(80%) of tropical spiderwort was obtained by glyphosate
plus S-metolachlor applied POT and followed by
MSMA plus flumioxazin applied LPD. Additional ex-
periments are underway in Georgia and North Carolina
to further evaluate management systems for tropical spi-
derwort in cotton and other crops and also to better un-
derstand the biology of this weed and its interaction with
crops.
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